Rotator cuff tears are the most common musculoskeletal shoulder injury. 8 These tears affect at least 10% of people over the age of 60 in the United States, 10 and it is estimated that 250,000 rotator cuff repairs are performed in the United States per year. 17 Furthermore, the volume of rotator cuff repairs is increasing. Colvin et al 7 reported an increase of 141% between 1996 and 2006, with arthroscopic procedures increasing by 600% and open repairs increasing by 34%. Treatment options for rotator cuff tears include nonoperative management, arthroscopic debridement with a biceps tenotomy or tenodesis, partial repair, complete repair, patch augmentation, superior capsular reconstruction, muscle-tendon transfer, and reverse total shoulder arthroplasty. 13 Given the high incidence of rotator cuff repairs and the diversity of treatment options, the American Academy of Orthopaedic Surgeons (AAOS) developed a clinical practice guideline that addressed the management of rotator cuff problems. 3 This evidence-based guideline categorized evidence and assigned confidence to recommendations based on the quality of evidence that underpinned them; however, the majority of recommendations (55%) in the guideline were inconclusive. Even the most robust recommendations were classified as moderate. Criticisms surrounding potential bias and the large number of inconclusive recommendations ensued. 19, 27 The American Orthopaedic Society of Sports Medicine, the Arthroscopy Association of North America, as well as specialty societies of the AAOS, such as the American Shoulder and Elbow Surgeons, expressed concerns culminating in a request by the Council of Specialty Societies that the AAOS not publish the guideline due to lack of evidence, risk of misinterpretation, and potential for misuse. 19 A continuous theme of these exchanges was the need for further research on rotator cuff disease. As Lubowitz et al 19 concluded, "The real conclusion of the Guideline is that future and better research is required."
Recommendations based on insufficient or inconclusive evidence ("moderate," "limited," "inconclusive," or "consensus statement" ratings) serve as the basis for identifying research gaps in rotator cuff research. Chalmers and Glasziou 6 estimated that up to 85% of research is wasted or of little value because of factors such as poor method, studies being underpowered, bias, and, pertinent to this study, addressing of the wrong research questions. In 2015, the Orthopaedic Research and Education Foundation (OREF) awarded US$2.5 million to 63 grant and award recipients. 24 A more well-established connection between the research gaps identified during guideline development and the research enterprise is a viable solution for reducing research waste in rotator cuff studies and could allow funders such as OREF to better allocate funding to areas where research and treatment guidelines are least conclusive. Recent editorials regarding rotator cuff repair methods covered in the AAOS guideline also suggest that addressing knowledge gaps in rotator cuff repair with high-quality, methodologically sound studies should be a priority. 9, 11, 23, 25 The primary purpose of the current study was to explore whether orthopaedic surgery researchers are addressing the research gaps identified by low-level recommendations in the AAOS clinical practice guideline, "Optimizing the Management of Rotator Cuff Problems." 3 Using recommendations from this guideline, we conducted searches of clinical trial registries, PubMed, and EMBASE to note the extent to which new, ongoing, and published research is being undertaken to address areas of deficiency. We hypothesized that the areas of deficiency in the rotator cuff guideline will have been addressed by new, ongoing, or published research.
METHODS

Oversight and Reporting
We applied relevant Statistical Analyses and Methods in the Published Literature (SAMPL) reporting guidelines for reporting descriptive statistics. 18 These guidelines instruct authors on reporting basic statistical methods and results and were created to prevent most reporting deficiencies routinely found in published scientific reports. We located the latest clinical practice guideline for rotator cuffs from the AAOS website. 3 The strength of recommendations ratings are located in Table 1 . For each recommendation, we constructed 1 or more research The benefits exceed the potential harm (or the potential harm clearly exceeds the benefits in the case of a negative recommendation), but the strength of the supporting evidence is not as strong.
Limited
The quality of the supporting evidence that exists is unconvincing, or well-conducted studies show little clear advantage for one approach versus another. Inconclusive A lack of compelling evidence exists, resulting in an unclear balance between benefits and potential harm.
Consensus
Expert opinion supports the guideline recommendation, but there is no available empirical evidence meeting the inclusion criteria. Evidence of recommendation Level 1 High-quality randomized trial with statistically significant difference or no statistically significant difference but narrow CIs; systematic reviews of level 1 RCTs (and study results) were homogenous. Level 2 Lesser quality RCT (eg, <80% follow-up, no blinding, improper randomization); prospective comparative study; systematic review of level 2 studies or level 1 studies with inconsistent results. Level 3 Case-control study, retrospective comparative study, or systematic review of level 3 studies. Level 4 Case series. Level 5 Expert opinion.
Source: American Academy of Orthopaedic Surgeons. questions using the PICO (participants, intervention, comparator, outcome) format. This method is used to identify clinical components for systematic reviews and is endorsed by the Cochrane Collaboration. 14 It was chosen over other methods, as evidence suggests that the PICO method produces searches with greater sensitivity. 22 One investigator (M.F.) constructed all initial PICO questions, and 2 investigators (J.J., J.W.) reviewed them for accuracy and drafted the final questions.
Screening Studies for Eligibility
A single investigator (J.X.C.) screened studies for relevance. First, this investigator evaluated whether studies retrieved from the searches were relevant to rotator cuff injury and/or treatment. Studies that were not relevant were immediately excluded. Studies relevant to the PICO questions were retained, and those that were unclear were reviewed for relevance by 2 other investigators (M.V., J.J.), if needed. To qualify for inclusion, at least 1 of the study's arms had to fit the PICO question, either directly or indirectly (ie, data from the study could improve knowledge related to the research gaps even though the study did not directly address the research question). For example, recommendation 10B states, "We cannot recommend for or against the preferential use of suture anchors versus bone tunnels for repair of full-thickness rotator cuff tears." For a study to be designated as relevant to this recommendation, the study would have to include 1 arm or objective evaluating the outcomes of bone tunnels or suture anchors for fullthickness rotator cuff repair.
Second, we screened relevant studies by completion date. Only studies completed or published after the end of the literature search stated in the guideline (October 2008) and ongoing studies were included. After screening, studies were mapped to their corresponding recommendation (Appendix Tables A2 and A3 ).
Identification of Studies Directly Addressing the AAOS Recommendations
Next, all published studies determined as relevant to the guideline recommendations from our search of PubMed and EMBASE were separated, and the full-text versions of the manuscripts were screened. In this analysis, 3 authors (J.X.C., J.S., J.H.) determined whether studies directly addressed the recommendations in the guideline through at least 1 arm and therefore would aid in increasing the evidence base of the corresponding recommendation. For example, recommendation 10B states, "We cannot recommend for or against the preferential use of suture anchors versus bone tunnels for repair of full-thickness rotator cuff tears." For a study to be designated as one directly addressing this recommendation, it would have to include 1 arm or objective that directly compared the outcomes of bone tunnels against those of suture anchors for full-thickness rotator cuff repairs. Two investigators (J.C., J.S.)
independently screened the studies, each blinded to the other's determinations. Once screening was complete, consensus was reached among the authors, and a third author (J.H.) provided a third review of the studies to confirm accuracy. Next, the study type (eg, randomized trial, systematic review, meta-analysis) was evaluated to establish the quality of evidence among the studies directly addressing the recommendations.
Identification of Studies Funded by OREF
We evaluated studies funded by OREF to determine whether recently funded studies addressed the research gaps we identified from the clinical practice guideline. We used the 2013-2015 OREF Annual Reports 24 to gather the titles of all funded research projects. We included studies that indirectly addressed the recommendations and those that directly addressed recommendations. Only studies funded after the publication of the rotator cuff clinical practice guideline (2010) were included.
RESULTS
Results From Trial Registries
Our search of ClinicalTrials.gov and ICTRP yielded 868 studies; 409 studies were retrieved from ClinicalTrials.gov, and 459 trials were retrieved from the ICTRP database. After removing duplicate studies and those with completion dates prior to October 1, 2008, we were left with 532 studies (Figure 1) .
Of the 532 studies included in our sample, 210 (39%) were relevant to the 25 recommendations made in the AAOS rotator cuff clinical practice guideline. Additionally, of the 25 recommendations made in the guideline, 24 (96%) were being addressed by new or ongoing research. The recommendation with the greatest number of new and/or ongoing trials was recommendation 4A, regarding patients with rotator cuff symptoms in the absence of a full tear being treated nonoperatively with exercise or nonsteroidal antiinflammatory drugs. This recommendation was being addressed by 65 (31%) new or ongoing studies ( Table 2 ). The recommendation with the next highest number of new and/ or ongoing studies was recommendation 2, regarding the use of surgical rotator cuff repair in patients with symptomatic full-thickness tears, which was being addressed by 37 (18%) new and/or ongoing studies (Table 2) . We found no new or ongoing studies evaluating recommendation 7B (the effects of diabetes, comorbidities, smoking, infection, and cervical disease on outcomes of rotator cuff surgery). The most common recruitment status for the 210 studies was "completed" (51; 24%), and the next most common recruitment status for the studies was "recruiting" (34; 16%) ( Table 2) .
Of the 210 registered trials determined as relevant to the recommendations in the guideline, only 99 (47%) have been updated as "completed" within their respective clinical trial registry database. Furthermore, of the 99 completed trials, only 17 (17%) were updated with the results of their study.
Results From PubMed and EMBASE
Our PubMed search yielded 1703 studies that were published between October 2008 and July 24, 2017. Our EMBASE search yielded 422 studies published between January 2008 and July 24, 2017. When combined, 2125 studies were screened for relevance. Of these, 448 (21%) were relevant to the 25 recommendations made in the guideline. Additionally, of the 25 recommendations made, all 25 (100%) were addressed by at least 1 published study ( Figure 2 ). Recommendation 2, regarding the use of surgical rotator cuff repair in patients with symptomatic full-thickness tears, had the highest number of published studies (n ¼ 158). The recommendation with the next highest number of published studies was recommendation 10C, regarding specific technique (arthroscopic, mini-open, or open repair) when surgical repair is indicated (n ¼ 81) ( Table 2) .
Results of Full-Text Screening to Determine Studies Directly Addressing the AAOS Recommendations
Of the 448 published studies deemed relevant to the 25 recommendations made in the guideline, 185 (41%) were determined to directly address the recommendations in the guideline (Appendix Table A4 ). Collectively, the 185 studies directly addressed 21 (84%) of the 25 guideline recommendations. Of the 25 recommendations, recommendation 2 regarding the use of surgical rotator cuff repair in patients with symptomatic full-thickness tears was found to have the highest number of published studies directly addressing it (n ¼ 33). The recommendations with the next highest number of published studies directly addressing them were 4C (regarding the use of iontophoresis, transcutaneous electrical nerve stimulation, ice, heat, massage, or activity modification for symptomatic non-full-thickness tears), and 4B (regarding subacromial corticosteroid injection or pulsed electromagnetic field in treating symptomatic non-full-thickness tears), which were directly addressed by 24 and 20 published studies, respectively. Recommendations 3C (mechanisms of nonoperative management of rotator cuff tears), 5 (early surgical repair after acute rotator cuff tears), 10A (tendon to bone healing), and 10B (suture anchors vs bone tunnels) were not directly addressed by any published studies.
Of the 185 studies directly addressing the recommendations, the most prevalent study type was randomized trial, accounting for 68 (37%) published studies directly addressing the recommendations; the next most prevalent study type was systematic review/meta-analysis, accounting for 64 (35%) published studies directly addressing the recommendations (Table 3) . Of the 25 recommendations, 20 (80%) were directly addressed by at least 1 randomized trial or systematic review/meta-analysis.
Results From OREF
We identified 150 studies funded by OREF from 2012 to 2015. Of these, 20 concerned rotator cuff repair, and 6 addressed research gaps identified from the rotator cuff clinical practice guideline (Table 4) . Two funded studies contributed to recommendation 7B (concerning the effects of diabetes, comorbidities, smoking, infection, and cervical disease on rotator cuff repair), and no studies registered in the 2 databases contributed to recommendation 7B. The 4 other grant-funded studies evaluated recommendations 6, 9, 3B, and 7A (Table 4) .
DISCUSSION
Rotator cuff injury is the most common injury of the shoulder for which patients seek treatment, and research to improve methods for diagnosis and management should be a high priority. Our results suggest that all recommendations that lacked sufficient evidence at the time of guideline publication are receiving attention from orthopaedic researchers. These efforts suggest that the orthopaedic community is working to address the skepticism regarding "evidence not opinion" 27 after the publication of this controversial "evidence-based" guideline. 19, 28 The AAOS standards affirm that clinical practice guidelines should be updated, reviewed, or retired every 5 years.
2 Evidence indicates that waiting more than 3 years to review a guideline may be problematic, as up to 22.2% of recommendations may no longer be valid. 21 No data exist to describe the validity of recommendations, especially those called into question for suspect levels of evidence, despite availability of 9 years of new research data.
Rotator cuff disease is a common and complicated condition. With both surgical and nonsurgical treatments being viable options, a paucity of data are available to support a definitive treatment algorithm for practitioners. 16 In fact, algorithms for diagnosis and management of rotator cuff injuries exist as a matter of expert opinion, animal studies, and observational studies. 20 For most patients, conservative physical therapy and pain management are used; however, if such options fail, surgery is the inevitable option. the AAOS guideline. Our findings also indicate that 185 of these studies directly address the recommendations in the guideline, and of these 185 studies, 132 (71%) are randomized trials or systematic reviews/meta-analyses, which are generally regarded as having a high level of evidence assuming they have robust methods. With 185 new studies directly addressing the recommendations in the guideline and with 80% of the recommendations being directly addressed by at least 1 randomized trial or systematic review/meta-analysis, our findings suggest there may be sufficient research to warrant an evaluation of the recommendations and to determine whether the stances made by the AAOS in the guideline still reflect the evidence base. Doing so may give the AAOS the opportunity to establish a truly evidence-based guideline regarding rotator cuff repair. Our study suggests that areas not addressed in the AAOS guideline are also receiving much attention by the orthopaedic research community. Interestingly, nearly 70 ongoing or recently published studies have focused on the use of platelet-rich plasma (PRP) injections. While some believe that no definitive evidence supports improved patient outcomes with PRP or stem cell injections, our search results point to an increasing interest in the topic from the orthopaedic community. 1, 30 Despite the increased interest, the AAOS guideline contains no definitive statement regarding its stance on this type of therapy. We believe the abundance of new evidence for this less invasive treatment is one of the clearer indications that a guideline update is necessary. With this in mind, we must still consider the potentially prohibitive factors of such a treatment option for our patients. A recent meta-analysis of PRP showed an incremental cost-effectiveness ratio of US$127,893 per qualityadjusted life-year gained. 30 This study suggested not only that this value is prohibitive and noneffective in small and medium-sized tears but that using PRP after large tears is economically and clinically ineffective due to the extent of tissue damage. 30 Safety was not addressed in that metaanalysis, but other studies have made conclusions regarding the safety of the therapy 26 ; however, as stated, cost is a prohibitive factor for the use of PRP.
These conclusions, while interesting, are supported by only 13 studies from 2010 to 2014, and a definitive position on PRP injections by the AAOS may provide guidance and clarity for future research into similar, less invasive treatment options. Furthermore, treatment options for rotator cuff tear such as patch augmentation, superior capsular reconstruction, and reverse total shoulder arthroplasty are not thoroughly addressed by the guideline. An evaluation of the literature and updated recommendations from the AAOS regarding these options may be of value to orthopaedic surgeons and patients alike.
With recognition that repairs leading to retear can negatively affect patient outcome measures, further research into conditions that most commonly lead to retear are of great importance. While some studies indicate that many common comorbid conditions such as osteoporosis (200 million patients worldwide) and diabetes (29.1 million Americans in 2012) have been shown to negatively influence tendon healing, 1,4,31 our study found that there are currently no ongoing trials to address how these factors affect rotator cuff repair or management. Although the number of diseases associated with poor outcomes of rotator cuff repair is high, the research community's commitment to discovering new and improved methods to incorporate this information into treatment and management options is miniscule in comparison with the efforts to improve surgical technique or evaluate the use of PRP or other such injections in nonoperative patients. Although Tashjian et al 29 suggested that patients with an increasing number of medical comorbidities had a greater improvement in postoperative functional outcomes from baseline compared with those without medical comorbidities, the patients with comorbidities began the study with lower preoperative functional status and failed to reach the functional outcomes of those without comorbidities. While this finding is statistically significant for researchers, further studies are needed to illuminate its basis in patient satisfaction and perception of treatment success. The finding also fails to provide a conclusion or resolution to any concerns about treatment selection for those with comorbidities, as all patients were standardized to the same treatment. 29 This confusion provides another opportunity for expert work groups to synthesize the literature and provide evidencebased suggestions for treatment.
Limitations
Our study had limitations. Although we used both ClinicalTrials.gov and the WHO ICTRP, a known comprehensive strategy for searching trial registries, 5 it is possible that our searches did not locate studies that may have been relevant to this investigation. Furthermore, only a small percentage of the registered trials were updated as "complete," and a smaller percentage had uploaded results. This finding could indicate that these studies are not surviving to publication and will not benefit rotator cuff repair evidence or orthopaedic surgery as a whole. While other databases exist, we believe that using PubMed and EMBASE provided an adequate evaluation of the published literature regarding rotator cuff injury; however, using only these databases could have inadvertently excluded relevant studies found in other databases. Although all studies were screened by multiple investigators, there is a chance that studies were incorrectly classified as to whether they addressed the recommendations. Furthermore, while we discovered many studies that directly addressed the recommendations, these studies may have methodological shortcomings that would preclude their inclusion in an AAOS clinical practice guideline, and thus our findings may have overestimated the number of studies that would actually be used as the evidence base for rotator cuff repair recommendations. In addition, because those evaluating grant proposals for the OREF likely distribute funding based on the strength of the proposal, it is possible that the reason rotator cuff recommendations are not being addressed by OREF funding is because proposals that would address these recommendations are not as strong as research focused on other areas of orthopaedics. As such, our findings may have underestimated the interest in addressing rotator cuff repair by those submitting proposals for OREF funding.
CONCLUSION
Our study located 210 newly registered trials and 448 published studies that are relevant to the recommendations made in the AAOS rotator cuff guideline. The majority of the recommendations have been addressed by relevant registered trials or published studies. Of the 448 published studies, 185 directly addressed the guideline recommendations. Additionally, 71% of the 185 published studies directly addressing the recommendations were randomized trials or systematic reviews/meta-analyses. 
